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Abstract
In this study, a dual-band pattern reconfigurable antenna is proposed for 2.4 and 5.8 GHz wireless multiple-input multiple-output (MIMO)
applications. The proposed antenna comprises four pairs of active elements and parasitic elements loaded on PIN diodes. By switching PIN
diodes, the parasitic element acts as a director or reflector, and the radiation patterns of the antenna are optimized. The antenna offers three modes
with nine radiation beam patterns in a 5.8 GHz band. The measured peak gain of all the beam patterns ranges from 5.6 to 10.4 dBi. At a 2.4 GHz
band, omnidirectional beam patterns with a measured peak gain of approximately 4.5 dBi are generated.
c⃝ 2016 The Korean Institute of Communications Information Sciences. Publishing Services by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
The rapid growth of the wireless multiple-input multiple-
output (MIMO) communications market has resulted in new
technologies being investigated to improve performance and
usage of the available spectrum of applications in the most
efficient manner. A pattern reconfigurable antenna is a good
candidate as it enables greater re-use of channels and improved
system performance [1]. Its radiation pattern can be shaped to
concentrate energy towards the targets and minimize the gain
in unwanted directions. Generally, an omnidirectional pattern
is also provided for communication in all directions. The most
suitable pattern can be configured on demand using a pattern
reconfigurable antenna [2].
A dielectric embedded electronically steerable passive array
radiator (DE-ESPAR) antenna array with six radiation patterns
was presented [1]. In [2], a dual-band pattern diversity antenna
with dual-band reconfigurable frequency-selective reflectors
was introduced. A Yagi patch antenna with a switchable slot
can change the nature of parasitic elements between reflectors
and directors [3]. Another dual-band pattern reconfigurable
Yagi-Uda antenna was designed based on inductor–capacitor
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parallel circuits and dual parasitic elements [4]. The study
in [5] proposed a pattern reconfigurable dipole antenna with
four switchable reflectors and parasitic strips. A folded dipole
was used as an active element, but it can only generate two
kinds of radiation patterns due to the limitations of the spiral
structure [6]. In [7], a pattern reconfigurable strip monopole
with eight switchable printed parasitic elements was proposed.
In [8], another pattern reconfigurable antenna was designed
based on the collinear dipole array. However, only three
radiation patterns were generated.
The aforementioned pattern reconfigurable antennas are
available only in single-band, or the sizes are comparatively
large. In this study, we present a dual-band pattern reconfig-
urable antenna for 2.4 and 5.8 GHz wireless MIMO applica-
tions. The antenna provides three modes with nine radiation
beam patterns at 5.8 GHz band and omnidirectional beam pat-
terns at 2.4 GHz band. Details about these studies are provided
in the following sections.
2. Design considerations
The design of the proposed compact dual-band pattern
reconfigurable antenna is based on a switched parasitic array
(SPA) antenna [9]. The configuration of the proposed antenna
is shown in Fig. 1. The antenna is constructed of an active
element, a parasitic element loaded on PIN diodes, and a DC
line. The active element is composed of two dipole structures
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Fig. 1. Geometry of the proposed compact dual-band pattern reconfigurable
antenna.
for 2.4 and 5.8 GHz operation. The parasitic element consists
of linear structures and two PIN diodes. The DC line consists
of strip lines and lumped inductors for isolating RF/DC signals.
Four pairs of active elements, parasitic elements, and DC lines
are placed symmetrically in an azimuth plane with a 90◦
interval. The dual-band resonance frequencies are determined
by the length and width of the active and parasitic elements.
The impedance matching is adjusted by the distance between
the active and parasitic elements, the position of the PIN diodes,
and the value of the lumped inductors. Thus, the radiation
performance of the antenna can be tuned and optimized by
varying the length and width of the active and parasitic
elements, the distance between those elements, the position of
the PIN diodes, and the value of the lumped inductors.
The DC line is connected to the parasitic and active elements
in order to switch PIN diodes. If a DC control signal is supplied
to the DC line, two PIN diodes in the parasitic element are
turned on, so the parasitic element is in short state. If not, the
parasitic element is in open state. Thus, the parasitic element is
used as a reflector when the PIN diodes are switched on, and as
a director while the PIN diodes are switched off. In Mode I, two
adjacent parasitic elements with supplied DC control signals
are short state and perform as reflectors. The other two adjacent
parasitic elements are open state and function as directors. Four
beam patterns are generated in an x–y plane with a 90◦ interval
(0◦, 90◦, 180◦, and 270◦). In Mode II, one parasitic element
supplied DC control signal is short state and performs as a
reflector. The others are open state and function as directors.
Four beam patterns are also produced in x–y plane with a 90◦
interval (45◦, 135◦, 225◦, and 315◦). The beam patterns of
Mode I and II are separated by a 45◦ interval. In Mode III, all
parasitic elements are open state and perform as directors. Thus,
an omnidirectional beam pattern is realized in an x–y plane.
Therefore, the antenna offers three modes with nine radiation
beam patterns, as shown in Fig. 2.
Fig. 2. Radiation pattern reconfiguration scenario for the proposed antenna.
Fig. 3. Photograph of the fabricated antenna.
3. Experimental results
The proposed antenna was fabricated on a Teflon substrate
(ROGERS RO4350B) with a low dielectric loss tangent as
shown in Fig. 3. The total volume of the antenna was 22 mm×
22 mm× 95 mm, which is 0.17 λ0 × 0.17 λ0 × 0.76 λ0, where
λ0 is the free space wavelength at 2.4 GHz. The size of each
printed circuit board (PCB) was 22 mm × 95 mm × 0.8 mm
and two PCBs were assembled orthogonally. The lengths of
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Fig. 4. (a) Simulated and (b) measured return loss for Modes I, II, and III.
longer and shorter dipole structures in the active elements were
60 and 25.5 mm, respectively. The width and spacing of the
structures were 1 and 1 mm, respectively. A coaxial cable
with an SMA connector was used to feed the RF signal to
the active elements. The upper and lower active elements were
combined and connected to the inner and outer wires of the
coaxial cable, respectively. The length of the parasitic elements
was 26.5 mm, which is 0.212 λ0, and each parasitic element
was divided into three short elements (10, 5.5, and 10 mm) with
a gap of 0.5 mm for mounting two PIN diodes. The width of
the element was 2 mm. The PIN diodes used in the parasitic
elements were MACOM MADP-008120-12790T having low
loss and high isolation characteristics. The distance between
the active and parasitic elements was 4 mm, which is 0.032 λ0.
The DC lines were connected through the circular PCB with
a five-pin connector, the parasitic and active elements, and the
ground. The circular PCB was also Teflon substrate (ROGERS
RO4350B) with a diameter of 18 mm. The five-pin connector
was used to supply DC control signals to the DC lines. Four
pins of the five-pin connector were used to supply +3 V DC
voltage to each DC line. The other pin was used for the DC
ground. The width of the DC line was 0.5 mm.
The lumped inductors for isolating RF/DC signals were
positioned between the middle of the lower DC lines, the lower
DC lines and parasitic elements, the parasitic elements and
upper DC lines, the upper DC lines and active elements, and
the center of the active elements. The surface mount technology
Fig. 5. Measured total radiation gain patterns at 5.8 GHz in x–y plane: (a) for Mode I, (b) for Mode II, (c) at 5.8 and 2.4 GHz for Mode III.
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Fig. 6. Measured peak gain for Modes I, II, and III.
chip inductors were used for lumped inductors. The values
of the two inductors were 22 and 5.1 nH, respectively. These
values were optimized to isolate RF/DC signals at 2.4 and
5.8 GHz bands, respectively. Thus, two chip inductors were
connected in a series in order to isolate the dual-band of 2.4
and 5.8 GHz, simultaneously.
Fig. 4 shows the simulated and measured return loss of
the fabricated antenna. The simulated and measured results
were obtained using an ANSYS HFSS full-wave simulator
and KEYSIGHT E5071C vector network analyzer, respectively.
The resonance frequencies of Modes I, II, and III were
approximately 2.4 and 5.75 GHz, and were optimized for Mode
I. The measured results were in good agreement with the
simulation at the lower band. However, the simulated results
seemed to be better than the measurement at the upper band.
It is known that a coaxial cable with an SMA connector, the
PIN diodes, and the lumped inductors are highly sensitive to
structural parameters. During fabrication, the parameters may
have been affected by some factors such as conditions produced
by soldering on and the tolerance of the coaxial cable, the PIN
diodes, and the chip inductors.
The measured total radiation gain patterns of the antenna at
5.8 GHz are plotted and compared in Fig. 5. Mode I generated
four beam patterns in the x–y plane with a 90◦ interval (0◦, 90◦,
180◦, and 270◦) when two DC control signals were used. Mode
II also produced four beam patterns in the x–y plane with a
90◦ interval (45◦, 135◦, 225◦, and 315◦) when one DC control
signal was used. Mode III generated an omnidirectional beam
pattern in the x–y plane when DC control signals were not used.
Fig. 8. Measured return loss for the antenna applied to the devices in Mode I.
Considering the symmetry of the antenna, the beam patterns of
Mode I and II were steered to eight directions in the x–y plane
with a 45◦ interval. The peak radiation direction was achieved
at the elevation angle of 90◦ in all three modes. In the case of
the 2.4 GHz band, all three modes provided omnidirectional
beam patterns in the x–y plane as shown in Fig. 5(c). Because
the length of the parasitic element was extremely short at the
2.4 GHz band, all parasitic elements functioned only at the 5.8
GHz band.
The measured peak gain according to the operating band is
shown in Fig. 6. For the 2.4 GHz band, the peak gain for all
beam patterns in all three modes was approximately 4.5 dBi.
Over the 5.8 GHz band, the peak gain for all beam patterns
varied from 8.6 to 10.4 dBi in Mode I, from 7.0 to 8.8 dBi in
Mode II, and from 5.6 to 7.6 dBi in Mode III.
The proposed antenna applied to the wireless communica-
tion device with various ground sizes was also studied. The
devices and antenna cover were fabricated in an aluminum
metal body and acrylonitrile butadiene styrene resin, respec-
tively, as shown in Fig. 7. The antenna was installed at the
corner of the devices. The dimensions of the devices were
130 mm×100 mm×55 mm, 130 mm×200 mm×55 mm, and
260 mm×200 mm×55 mm for Cases I, II, and III, respectively.
Fig. 8 shows a comparison of the measured return loss of
the antenna applied to the devices in Mode I. The resonance
frequencies of Cases I, II, and III were also approximately 2.4
and 5.75 GHz, and the reflection coefficients were less than
−10 and −6 dB at the 2.4 and 5.8 GHz bands, respectively.
Fig. 7. Photograph of the fabricated devices: (a) Case I, (b) Case II, and (c) Case III.
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Fig. 9. Measured radiation patterns for the antenna applied to devices in the x–y plane: (a) at 5.8 GHz for Mode I, and (b) at 2.4 GHz for Mode III.
Fig. 10. Measured peak gain for the antenna applied to the devices in Mode I.
In addition, the impedance matching over the operating bands
was hardly varied.
The measured total radiation gain patterns of the antenna
applied to the devices were plotted and compared in Fig. 9.
When the ground size of the devices increased, similar beam
patterns were measured in all cases. The radiation patterns at
other modes were also measured, and similar beam patterns
were seen in all modes, as shown in Fig. 5. Fig. 10 shows a
comparison of the measured peak gain for the antenna applied
to the devices in Mode I. For the 2.4 GHz band, the peak
gain of all the beam patterns was approximately 5.0 dBi for
all devices. In the 5.8 GHz band, the peak gain for all beam
patterns varied from 8.5 to 10.2 dBi for Case I, from 9.4 to
10.9 dBi for Case II, and from 8.6 to 10.3 dBi for Case III. This
clearly shows that the proposed antenna is less dependent on the
ground size of the devices than is the conventional monopole
structure.
4. Conclusion
In this study, a dual-band pattern reconfigurable antenna was
proposed and investigated. The antenna provides three modes
with nine radiation beam patterns in a 5.8 GHz band. In a
2.4 GHz band, omnidirectional beam patterns are generated.
Moreover, the size of the antenna is extremely compact. Our
study showed that good radiation performance is achieved.
Thus, the proposed antenna can be used for various wireless
MIMO applications.
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